Introduction: Stress-related mucosal damage (SRMD) is described as the damage of gastric mucosa due to physiological stress that is a very common complication in critically ill patients. SRMD prophylactic medications are widely prescribed all over the world, while numerous studies have revealed that a large percentage of patients admitted to non-intensive care unit (ICU) services do not need to receive these medications. The aim of this study was to determine the frequency and type of medication errors and the economic impact of clinical pharmacist intervention on stress ulcer prophylaxis (SUP). Methods: This prospective interventional study was conducted on adult patients admitted to internal, surgical, and critical care units at two large academic medical centers over 6 months. Risk factors of stress ulcer were recorded daily during hospital stay, and appropriateness of SUP administration was assessed according to the American Society of Health-System Pharmacists (ASHP) criteria. An intervention was performed by a clinical pharmacist in the case of contradictions. The rate of inappropriate SUP and the economic impact of a pharmacist intervention were recorded. Results: In this study, 178 out of 219 (81.2%) patients received prophylactic treatments. Averagely, prophylactic therapy was compatible with standard treatment guidelines in 67.1% of cases. The implementation of ASHP guideline by a clinical pharmacist resulted in a cost saving of >18,000 USD monthly in this study, which would result in an estimated cost saving of >216,000 USD annually. Conclusion: Although treatment guidelines are available for the prophylaxis of SRMD, failure to observe these guidelines could increase the cost of treatment and adverse effects. The clinical pharmacists' intervention in order to implement standard protocols has a significant impact on the reduction of unintended mistakes in prescribing prophylaxis, as well as significant cost savings.
Introduction
Stress-related mucosal damage (SRMD) of gastrointestinal (GI) tract is a very common complication in critically ill patients, especially in cases with severe underlying disease. 1 It is more common in the upper part of GI tract rather than the lower part. 2 SRMD is described as the damage of gastric mucosa due to physiological stress and is a significant cause of mortality and morbidity in critically ill patients admitted to an intensive care unit (ICU).
pathophysiology of the disease is multifactorial, it is mostly related to ischemia and hypoperfusion. In fact, following reduced blood circulation after ischemia, the balance between providing nutrients and mucosal defense and removing aggressive factors such as hydrochloric acid, infections, and free oxygen radicals would be impaired, which in turn leads to mucosal injury. 3 Understanding the mechanism of SRMD has aided physicians and pharmacists to decide on appropriate therapies, which has led to a dramatic decrease in the incidence of the disease during recent years. 4 Histamine-2-receptor antagonists and proton pump inhibitors are common regimens for stress ulcer prophylaxis (SUP). 5 There are also some evidences on the effectiveness of beta adrenergic antagonists in preventing GI bleeding and decreasing its mortality rate. 6 Many studies have revealed that a large percentage of patients admitted to non-ICU services do not need SUP medications while they receive them and also get discharged from hospital on these medications. 7 The most recent guideline about prescribing SRMD prophylactic medications was published by the American Society of Health-System Pharmacists (ASHP) to be followed by physicians and pharmacists. 8 Clinical pharmacist is the one who can supervise prescribing such medications according to the available guidelines 9 whose intervention has a remarkable effect on reducing drugrelated problems, improving clinical outcomes, decreasing length of hospital stay, and increasing economic benefits.
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The purpose of this study was to evaluate the clinical and economic impact of clinical pharmacists' interventions on the correction of SRMD prophylaxis practice. We also wished to identify and quantify the inappropriate use of SUP in these patients.
Participants and Methods setting
This was a prospective interventional study that was conducted over 6 months between September 2016 and March 2017 in Namazi and Shahid Faghihi hospitals. These teaching hospitals are under the supervision of Shiraz University of Medical Science, and they are the referral centers for the southern provinces of Iran, Fars. Daily medical rounds were performed by attending physicians, residents, general practitioners, medical interns, externs, and students every morning in these hospitals. After evaluating patients' conditions and considering paraclinical reports, required medical decisions were taken and new pharmacological prescriptions were ordered by attending physicians. This study was conducted by following the guidelines outlined in the Declaration of Helsinki and Good Clinical Practice guideline. 11, 12 Institutional review board committee's approval was obtained from the Shiraz University of Medical Sciences Ethics Committee (92-01-05-6224). Patients provided written consents agreeing to be monitored over the period of assessment. This program was approved by the Pharmacy & Therapeutics and Medical Executive Committee, which granted prescriptive authority to clinical pharmacists to initiate, modify, or discontinue SUP.
Participants
Patients who were admitted to Internal Medicine, General Surgery, and ICU wards of Namazi and Shahid Faghihi hospitals, which are major academic medical centers in Shiraz, Iran, were enrolled in this study. The following patients were excluded from the study: patients presented with peptic or duodenal ulcers during admission time, patients with incomplete medical files, patients who were discharged before 48 hours, and patients who were suffering from the Zollinger-Ellison syndrome or short bowel syndrome.
Variables and measurements
Required data that were collected in this study were comprised of demographic data (age and sex), patient's chief complaint, physician's diagnosis, length of hospital stay, admission date, discharge date, prescribed medications, drug administration route, drug interactions, drug regimen for SUP, patient past medical history, interventions performed for the patient, results of the interventions, laboratory and paraclinical results including international normalized ratio, platelet, serum creatinine, hematocrit, hemoglobin, white blood cell, liver function test, stool exam test, and the report of endoscopy procedure.
ASHP GI SUP guideline was used for evaluating the prescription of SUP medications. 9 According to this guideline, risk factors are classified into two groups of major risk factors and minor risk factors, which take 1 and 0.5 scores, respectively. Patients with a total score of ≥1 require to receive SUP medications, while patients with a total score of <1 do not require SUP (Table 1) .
After detecting the risk factor score for each patient, the correlation of prescribed GI bleeding prophylactic medications with the obtained score was evaluated. Provided that the prescribed medication was correlated with the guideline, score 1 was considered for that patient, and in cases with no correlation between prescribed medications and guideline, score 0 was selected. Moreover, in the cases that prophylactic medications were prescribed with no logical indication, intervention was made and ward resident was remarked about the pointlessness of prescribed SUP medications on the basis of the guideline.
statistical analysis
Quantitative and qualitative data were described by mean ± SD and frequency (percentage), respectively. The quantitative data were compared between the groups using chisquared test. All statistical analysis was done using SPSS version 22. A P-value <0.05 was considered as statistically significant.
Results
A total number of 354 patients were enrolled in this study. Of them, 21 patients were excluded due to presenting active gastric or duodenal ulcer during hospital course, 92 cases were excluded due to being discharged from hospital before 48 hours of starting prophylactic medications, and 22 of them were excluded due to incomplete information.
Finally, 219 cases consisting of 117 (53.4%) men and 102 (46.6%) women were included in this study. Mean values of patients' laboratory data are shown in Table 2 . The mean age of the patients was 49.9±15.9, and patients' ages ranged between 17 and 90 years. Of these 219 patients, 103 were admitted to the internal medicine ward, 77 were admitted to the general surgery ward, and 39 were admitted to the ICU.
In terms of frequency, patients' underlying diseases were hepatogastrointestinal disease, infectious disease, renal disease, respiratory disease, cancer, post-organ transplantation disease, and trauma (Table 3) .
Correlation between prescribed GI bleeding prophylactic medications and available guidelines were 89.7%, 64.1%, and 59.7% in ICU, internal medicine ward, and general surgery ward, respectively. There was a significant difference between correlation values in each ward (P-value =0.03; Table 4 ).
According to statistical analysis, there was a significant difference between correlation values of internal medicine ward and ICU (P-value =0.005) and also between correlation values of general surgery ward and ICU (P-value =0.001). However, there was no significant difference between correlation values of internal medicine ward and general surgery ward (P-value =0.65).
A total number of 126 (57.5%) patients needed to receive prophylactic medications for SRMD according to the guidelines. In all, 25 (11.4%) patients just had a minor risk factor, so there was no need to receive prophylactic medications. A total of 68 (31.1%) patients had no risk factor and did not need to receive prophylactic medications either.
A total number of 116 (52.9%) patients needed to receive prophylactic medications for SRMD according to the guidelines, and they were prescribed for them correctly. However, ten (4.5%) patients needed to receive prophylactic medications for SRMD according to the guidelines too; they were not prescribed for them by the physicians. In all, 62 (28.3%) patients did not need receiving prophylactic medications, but they were prescribed for them by their physicians. The remaining (14.1%) patients were the cases who did not need receiving prophylactic medications, and they were not prescribed for them (Table 5) .
Among 178 patients who received SRMD prophylactic medications, a total number of 135 (75.8%) cases received pantoprazole, 40 (22.5%) cases received ranitidine, and 3 (1.7%) cases received omeprazole. There were no patients for whom two of these medications were prescribed. There was a significant difference between prescribing proton pomp inhibitors and histamine receptor antagonists (P-value =0.02) Dosage and administration route of prescribed medications were determined according to the ASHP 9 guideline and results are as follows. For 165 patients (92.7%), dosage of prescribed medications was appropriate, while it was not the case for the other 31 (7.3%) patients. A total number of 102 (57.3%) patients received prophylactic medications on the basis of appropriate administration route in contrast to 76 (42.7%) patients for whom it was inappropriate. In terms of SRMD prophylactic medication frequency, 95 (53.4%) patients received it correctly, while 83 (46.6%) patients did not. Totally, 87 (48.9%) patients received SRMD prophylactic medications based on therapeutic protocols and guidelines, while 91 (51.1%) patients did not.
According to the available guidelines, 97 (44.3%) patients had one or more major risk factors for developing peptic ulcer and had to receive SRMD prophylactic medications. Moreover, 29 (13.2%) patients had two or more minor risk factors for developing peptic ulcer and they had to receive SRMD prophylactic medications too. In all, 25 (11.4%) patients had just a minor risk factor and 68 (31.1%) patients had no risk factors for developing peptic ulcer, so they did not need to receive any SRMD prophylactic medications.
In this study, coagulopathy and mechanical ventilation >48 hours were considered as the most important risk factors for developing peptic ulcer.
After evaluating the prescribed SRMD prophylactic medications according to the guidelines, pharmacists remarked patients' physicians if the prescription had been illogical. Among 219 patients, 147 (67.1%) patients did not need any interventions or remarking about prescribed medications. However, 72 (32.9%) patients needed revision in their medications. Physicians accepted the pharmacist's recommendation for just 11 cases among these 72 (15.2%) patients.
Total inpatient cost saving associated with discontinuation of all acid suppression therapies (proton pump inhibitors and histamine-2 receptor antagonists), which were administered inappropriately, was $18,000 monthly, resulting in an estimated cost saving of >$216,000 annually.
Discussion
SRMD prophylactic medications are widely prescribed all over the world. However, a lot of studies have revealed that a large percentage of patients admitted to non-ICU services do not need to receive these SRMD prophylactic medications. 7 In the current study, a significant number of patients (28.3%) received SRMD prophylactic medications while they did not need them according to the available guidelines for logical prescription of SRMD prophylaxis.
In a study that was conducted by Grube and May, the obtained results showed that 71% of patients received SRMD prophylactic medications with no logical indications. They concluded that prescribing SRMD prophylactic medications in general wards is not evidence based and should not be recommended. 13 Their conclusion was the same as 14 that showed that GI bleeding resulting from SRMD is not common in general wards, so prescribing SRMD prophylactic medications is not essential in such wards.
In a study conducted by Heidelbaugh and Inadomi, 15 it was concluded that prescribing SRMD prophylactic medications should be according to available guidelines and illogical prescription of SRMD prophylactic medications causes additional cost and side effects for patients.
Prescription of any medications should be based on standard guidelines, especially ASHP guideline, 9 which is the most used guideline about prescribing SRMD prophylactic medications. In the current study, 67.1% of patients received SRMD prophylactic medications according to the ASHP guideline, while 32.9% of patients did not. However, in a study conducted by Nardino et al, 16 54% of patients received SRMD prophylactic medications, while 64% of them did not need them according to the ASHP guideline.
Patients' different clinical situations, different methods of identifying discorrelation between prescribed medications and guidelines, and also attendance of clinical pharmacists in the ward may be the reasons of statistical differences among different studies.
It is estimated that the implementation of the ASHP guideline decreased the expenditure on drugs by >18,000 USD monthly in this study. According to a study that was conducted in 2015 in the same hospitals, the hospital expenditure rose due to the use of intravenous pantoprazole as one of the "Top-10" costly drugs. 17 Choosing the best SRMD prophylactic medication is another important issue in this field. The ASHP guideline suggests to use anti-acids, histamine antagonists, surfactants, and proton pomp inhibitors as SRMD prophylactic agents. In the current study, physicians just prescribed histamine antagonists and proton pomp inhibitors; in that the prescription of proton pomp inhibitors was significantly higher than histamine antagonists (P-value =0.02). In fact, 138 patients received proton pomp inhibitors, while 40 of them received histamine antagonists. Although there is not any documented evidence about the advantages of proton pomp inhibitors over histamine antagonists, currently proton pomp inhibitors are the most favorable medications for SRMD prophylaxis all over the world. 18, 19 The extensive prescription of proton pomp inhibitors, especially pantoprazole, may be due to the following reasons: drug resistance against histamine antagonists happens in the first 72 hours, lower rates of adverse events and drug interactions of pantoprazole, proton pomp inhibitors are the strongest anti-acid agents, and the minimum effect of proton pomp inhibitors is equal to that of histamine antagonists. 20, 21 However, as mentioned previously, there is no priority of any medications over the other one. In fact, the most suitable medication is the one that is more cost-effective in that specific situation. 22 In this study, clinical pharmacists recommended logical prescription of medications in cases where prescribing SRMD prophylactic medications did not match with the ASHP guideline. Among 72 patients, who needed clinical pharmacy intervention, only in 11 (15.2%) cases, the physicians accepted clinical pharmacists' recommendation. The effect of clinical pharmacy interventions and the acceptance rate of their recommendations are different among different studies. There are numerous evidences on that clinical pharmacy interventions would reduce healthcare costs and also improve quality of healthcare services. 9, 10, 17 This study had some limitations. First, it was conducted at two centers with a limited number of participants. Second, it was performed over a period of 6 months, so our patients may not have been completely representative of any hospital settings. Third, in this study, we did not have a control group. Longer term cost-effective analyses was outside the scope of this study.
Conclusion
Considering all the mentioned results, it is concluded that well-trained clinical pharmacists can be involved in patients' care to help treat patients more cost-effectively, which leads to a reduction in healthcare costs and improves quality of healthcare services. It seems necessary to establish and use SRMD prophylaxis guideline and registry-based information of SRMD prophylaxis, particularly in an ICU setting, to improve the quality of care for these patients.
In fact, clinical pharmacists are complementary members in each treatment team and employing them would have so many benefits for both patients and healthcare systems.
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